section. Additionally, unlike in earlier studies in which Ambiguous structure from motion generated from orthothe ambiguous and unambiguous stimuli appeared as graphic projection of 3D moving objects can be disamseparate and distinct objects, we made the ambiguous biguated by information (e.g., disparity, speed, contrast, and unambiguous sections of the stimulus appear to etc.) that specifies the depth order to the moving elebe parts of the same object and thus enhanced the ments [5-8]. Multiple ambiguous stimuli tend to covary effectiveness of the disambiguation. . We also tested if an occlusion stimulus can bias the oppositely moving dots to be percue can disambiguate the surface assignment of the ceived as the front surface of a 3D kinetic sphere as bistable cylinder and, hence, disambiguate its direction a result of a 2D motion contrast effect, thus partially of rotation. First, we simply removed a vertical section stabilizing the ambiguous rotation in a subset of the of dots moving in one direction, our intention being to observers [12]. Stabilization could also be achieved create a subjective occluder in the middle of the cylinder through temporal manipulations, such as intermittent that blocks part of the back surface ( Figure 1C ). Howpresentation of the stimulus [13, 14]. We observed that ever, with this manipulation, the stimulus remained biinformation presented in the context of the ambiguous stable. Observers perceived alternations between two percepts, as depicted in Figure 1C : two partial cylinders alternating with a missing section, either on the front
Figure 2. Effects of Adaptation to the Rotating Cylinders, including the Context-Stabilized Ambiguous Stimulus
(A) Four different adaptation stimuli were used. The test stimulus was an ambiguous cylinder. For the first two adaptation conditions, the test stimulus was placed at the same, as well as a different, stereo depth from the adaptation stimuli. (B) The adaptation effect, as measured by the proportion of time observers perceived the rotation direction opposite to the adapted direction. When the adapting stimulus was either disambiguated with full disparity or contextual disparity, the aftereffect was significantly larger than the two control conditions (p Ͻ 0.01). The aftereffect also disappeared when the test stimulus was placed at a different depth than the adapting stimuli (black bars). Error bars are 1 standard deviation. See the text for details. ambiguous for three of the four observers (see Experimental Procedures) over multiple 2 min test periods and became almost completely unambiguous for the observer S.H., who occasionally (less than 10% of the time) saw the dots traveling behind a semitransparent occluder. bistable test cylinder for 15 s (Figure 2A ). As shown in Figure 2B , consistent with earlier studies [7, 20], adapting to the cylinder that was disambiguated by full disparor the back surface. We then sought to enhance the occluder by making it explicit. A checkered rectangle ity resulted in a very strong aftereffect. However, adapting to the context-stabilized ambiguous rotating cylinder was placed behind the front surface and blocked part of the back surface. This manipulation was very effective also resulted in a very strong aftereffect. All four observers perceived the test stimulus rotating in the direction in eliminating the ambiguity of surface assignment (Figure 1D) . The perceived rotation became completely unopposite the adapting direction for most of the 15 s the test stimulus to be rotating in the direction opposite the adapted direction. Observer S.H. was the only one who saw occasional reversals in rotation direction during adaptation and, consequently, showed a slightly weaker adaptation effect (test stimulus rotating in the aftereffect direction 88% instead of 100% of the time). For a control condition, we took advantage of the observation that when the occluder was not explicitly depicted (subjective occluder), perception was not stable, but alternated between the two interpretatations of depth (see Figure 1C) . The 2D motion in the control condition was the same as motion with the explicit occluder. However, after adaptation to the control stimulus for 2 min, none of the observers showed any evidence of an aftereffect ( Figure 3B ). Note that, in both the test and the control condition, there was only one direction of motion signal in the middle section, which could and did lead to a simple 2D motion aftereffect. However, the simple 2D motion aftereffect could not influence the assignment of dots to the front or the back surface of the ambiguous test cylinder, as demonstrated by the absence of a rotation aftereffect in the control condition ( Figure 3 ). In the latter case, because the aftereffect was observed weak aftereffect, likely due to less stable fixation during adaptation. However, the small aftereffect is much only when the test stimuli and adapting stimuli were presented at the same disparity and location, our data weaker than that generated by the stabilized, ambiguous adaptor.
Disambiguated Motion Can Generate an Aftereffect
suggest that, at the same retinal location, there are separate rotation-sensitive neurons of different disparities. When the ambiguous cylinder was stabilized with an occluder, the adaptation effect was also very strong This requirement makes the rotation adaptation model less parsimonious, although theoretically possible. How- (Figure 3) . Three of the four observers always perceived Blake found nonzero relative disparity between the two sets of dots moving in opposite directions, whereas in our experiment the two sets of dots had zero relative disparity. In other words, we believe that the kinetic depth adapted disparity-sensitive neurons as if they had nonzero relative disparities. This interpretation implies that, within certain limits, kinetic depth indeed is equivalent to the disparity depth in the sense that the disparitytuned neurons are selectively responsive to depth signals defined by motion. Nawrot and Blake (1993) showed that disparity and kinetic depth could be perceptually metameric [22] . Here, our experiments suggest that the two mechanisms can cross-adapt, which is a stronger indication that the two have shared neural mechanisms.
In 2D motion, attentional tracking can induce a motion aftereffect when tested with a dynamic or flicker stimulus [26]. Attention was also shown to modulate the adaptation to 3D rotation [27] . Can attentional tracking account for our observation? We tested this possibility by reducing the number of dots in the disparity-defined, unambiguous rotating cylinder while preserving the perception of a rotating cylinder. The logic is that the attention system tracks the direction of rotation, whether there are 600 or 30 dots, but a system that depends on the energy of the motion and disparity signal would be 
